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Abstract 
The Mekong Delta in Vietnam has become an important production area for pangasius. The 
importance of the sector in providing an income to many households means that it is relevant 
to study its economic production characteristics. In this article we use a stochastic cost 
frontier model to assess the adaptability of the sector. We are particularly interested in the 
effect of the changing market environment and the exponential growth of the sector on the 
evolution of production characteristics. We compare data from 2002 with 2006 data. The 
results show that pangasius farming became more efficient by 2006, with higher returns to 
scale. We discuss the possible policy implications of our findings.  
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Introduction 
The Mekong Delta (MD) in Vietnam is a large supplier of products from the basa (Pangasius 
bocourti) and tra (Pangasius hypohthalmus) pangasius species. Pangasius farming is a 
traditional income-generating activity for many farm households living in the MD (Orban et 
al. 2008; Trung, Thanh, and Phillips 2004; Hung et al. 2004; Cacot and Lazard 2004).  
Favourable natural conditions for tra and basa farming in the MD and farmers’ experience in 
raising pangasius have contributed to the rapid development of the sector since the 1960s 
(Cacot and Lazard 2004). In 2003 it was estimated that more than 11,000 households were 
involved in pangasius production (Trung, Thanh, and Phillips 2004). Additionally, several 
thousand people are involved in related service provision; e.g., finance and credit, fingerling 
production, feed production, sales of aquatic drugs, storage, and transportation.  
Prior to 1986, farmers raised pangasius extensively, mainly to satisfy domestic 
demand. From this time on, supported by Australian and French experts and the 
establishment of the AGIFISH Company in An Giang province, farmers started to produce tra 
and basa more intensively, exporting fillet products (Cacot and Lazard 2004). Until 1990, 
these were mostly exported to the Asian market. After lifting the embargo by the United 
States (US) in 1995 and the ratification of the Bilateral Trade Agreement in 2001, the 
Vietnamese pangasius industry started to take off, exporting to the US, the European Union 
(EU), Japan, Hong Kong, and Singapore. This rapid growth in Vietnamese pangasius 
production coincided with a worldwide increase in the importance of aquaculture as a source 
of seafood (Asche 2008). According to Asche (2008) aquaculture accounted for 40% of the 
seafood produced in 2005. This increase is attributed to improved control over the production 
process, which resulted in semi-intensive and intensive production practices having lower 
production costs, and a parallel increase in demand due to lower prices. Together with 
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salmon, shrimp, tilapia, and sea bass, pangasius is one of the most important aquaculture 
products (Asche 2008).  
The increased importance of the farmed species mentioned above has changed fish 
markets and consumption patterns. Production has been influenced by changes in the market 
environment as well as by technological advances that increase productivity. Asche, 
Bjorndal, and Young (2001) conclude that market interactions are important for species that 
are farmed as well as caught wild. Productivity growth in production and marketing chains 
contributed to increased production of sea bass and sea bream (Asche, Bjorndal, and Young 
2001). Also changes in the food distribution and retail sectors and the emergence of new 
markets positively contributed to the success of aquaculture production (Asche, Bjorndal, and 
Young 2001); e.g., Russia as a consumer market for pangasius (see Andersen et al. (2009) for 
consumption figures for the Russian fish market). Finally, trade conflicts and import bans are 
found to affect fish farming and markets. Some examples include a tax levied on salmon 
exports from Norway to the EU in 1997 (Kinnucan & Myrland 2002) and the antidumping 
duties that were imposed to Chile on the export of salmon to the US by the end of the 1990s 
(Asche , Bjorndal, and Young 2001). Antidumping measures were also taken by the US 
against the import of Norwegian salmon in 1991. Asche (2001) found that the US salmon 
producers did not benefit from the imposition of these antidumping duties on Norway 
because other producers took over the Norwegian market share. Another example of an 
antidumping measure is that taken by the US regarding the import of shrimp. In 2003, in an 
attempt to protect the domestic shrimp industry, the US imposed duties on shrimp imported 
from China, Vietnam, India, Thailand, Ecuador, and Brazil (Keithly and Poudel 2008). It is 
interesting to note that the effect of this duty was found to be limited because these shrimp 
producing countries were able to divert trade through countries that were not included in the 
petition (Keithly and Poudel 2008).  
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The rise of the Vietnamese pangasius sector was affected by a trade dispute with the 
US that started in 2002 and is referred to as the Catfish War. During the Catfish War, the US 
imposed antidumping duties on pangasius imports from Vietnam (Norman-López and Asche 
2008). Although the Catfish War only lasted for about a year, the consequences for the 
Vietnamese pangasius sector were significant (Bihn 2009). In 2003, US imports of frozen 
pangasius fillets from Vietnam dropped by almost 50%. The trade dispute not only affected 
Vietnamese exporters, but also had an impact on the fragile local economies and livelihoods 
of pangasius farmers and other stakeholders. Yet the sector recovered quickly, mostly by 
addressing new markets, including the EU and China. Recently, Russia has become an 
important importer of Vietnamese pangasius (Andersen et al 2009).  
The experience of the Catfish War showed the high sensitivity of the livelihoods of 
pangasius farmers in the MD to changes in their market environment. As 90% of the 
Vietnamese pangasius production is exported, any change in international trade can have a 
significant effect on the lives of farm households1. Thus, it is of interest to determine whether 
and how farmers are able to adapt their production systems to changes, as well as to 
understand the factors that may improve the resilience of these livelihoods. In this article we 
aim to analyse the impact of the changes in the market environment and the exponential 
growth of the export on the production system of pangasius producers in the MD. We 
compare data on production characteristics that were collected among pangasius producers in 
the MD in 2002 with data from a smaller sample collected in 2006.  
We use a cost efficiency frontier model to analyse the efficiency and price 
responsiveness of the production structure by calculating the demand elasticities of inputs and 
returns to scale. Kaliba and Engle (2006) used a frontier model to estimate efficiency levels 
on catfish farms in Chicot County, Arkansas (using a data envelopment analysis model). To 
the best of our knowledge, such an approach has not been applied to fish production in 
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Vietnam. In addition, the evolution of micro-economic aspects of pangasius production has 
rarely been studied, and we could only find a few studies on the impact of changes in 
international markets on production characteristics of Asiatic aquaculture. Chiang (2005), for 
example, models the impact of the accession of China to the WTO on Taiwan’s fishery sector 
using an equilibrium model. In contrast to Chiang (2005), we use survey data from the farm 
level to estimate a cost frontier function.  
 Our interest in the production characteristics of pangasius was triggered by the 
importance of the sector for socio-economic development within the MD. We believe that it 
still has potential for expansion. Asche (2008) argues that “there still is tremendous potential 
for further growth in aquaculture” (p. 528). Yet, producers face a multitude of challenges. 
Policy makers could play a role in reducing the vulnerability of pangasius production systems 
and increasing the resilience of farmers’ livelihoods. We hope that the results of this research 
will inform policy makers about measures they can take to foster the future development of 
the sector. 
 
Overview of Pangasius Production in the MD 
As mentioned above, only few papers have been published on the microeconomic situation of 
pangasius producers in the MD. The fish production sector in Vietnam has been described by 
Van Zwieten, Van Densen and Thi (2002). Duc (2009) presented an analysis of the uptake of 
aquaculture by farmers in south-east Vietnam and its contribution to farm incomes. A similar 
study was conducted in the MD by Nhan et al. (2007). Many technical papers have been 
published on pangasius production in Vietnam, including: Cacot and Lazard (2004) who 
studied reproduction in captivity; Orban et al. (2008) who analysed nutritional quality and 
safety aspects; and Men et al. (2005) who studied genetic diversity and nutritional values.  
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Figure 1 shows the rapid development of basa and tra farming, which was due to the 
expansion of markets and increased demand (Cuyvers and Binh 2008; Khoi 2009). Of the 
two species cultivated in Vietnam, tra makes up the bulk of production. Tra is raised in ponds 
and in cages that are anchored in the tributaries of the MD. Basa, on the other hand, is only 
raised in net cages anchored in rivers.  
 
>> insert Figure 1 about here 
 
Figure 2 shows a significant change in the balance between the two species: basa accounted 
for 42.2% of the total quantity produced in 1997, but fell to 1.29% by 2005. Tra that were 
raised in ponds accounted for 56% of total pangasius production in 1997, increasing to 89.3% 
in 2005. The decline in basa production can mainly be attributed pond-raised tra becoming 
more profitable. While basa attracts a higher selling price, the production costs (including the 
costs for fingerlings) are higher compared to tra, since the mortality rates of the fish during 
production are higher and the growing period is longer. Furthermore, the processing of basa 
is less efficient than that of tra; it requires 4 kg of fish to produce 1 kg of basa fillet, while it 
takes 3 kg of tra for 1 kg of fillet.  
 
>> insert Figure 2 about here 
 
Figure 2 also shows a trend towards producing tra in ponds instead of cages. This is because 
the initial investment costs of ponds are lower, as are the overall production costs. Changes in 
farming techniques have enabled farmers to reduce the death rates of tra raised in ponds. 
Currently the death rate of tra raised in ponds is between 10 and 18%, while that of tra raised 
in cages is between 17 and 20%.   
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More than 90% of total Vietnamese pangasius production is exported to the world 
market, and the expansion of this market explains much of the high rate of growth in farm-
raised pangasius. Vietnamese pangasius exports increased from 425 tons in 1997 to 27,987 
tons in 2002 (just before the Catfish War), and to 640,829 tons in 2008, with a total value of 
1,453 million USD (figure 3). Factors that contributed to the recent success of pangasius 
farming in the MD include (see also Khoi (2009) and Binh (2009)): i) the development of 
modern production and control systems ensuring that international standards for food safety 
and hygiene could be met (Orban et al. 2008); ii) the specific characteristics of the fish 
species in terms of flavour, colour, and low cholesterol content, which ensured a high 
demand (Orban et al. 2008); iii) low production costs, which allowed farmers to keep prices 
low (Rehbein 2008); and iv) improvements in the production chain, such as the introduction 
of the fingerling socialisation programme, which created a more reliable source of tra and 
basa fingerlings.  
 
>> insert Figure 3 about here 
 
By 2008, Vietnamese pangasius was being sold to more than 60 countries, compared to just 
17 in 2002. The importance of the EU as an export market increased after 2002, and exports 
to Europe now represent 35% of Vietnam’s total volume of pangasius exports (2008 figures). 
This is equivalent to 224 thousand tons, twice the 2006 quantity. The second most important 
market is Russia, accounting for 118 thousand tons (18.4% of exports) in 2008. Andersen et 
al. (2009) show that the import of frozen pangasius fillets from Vietnam into Russia 
increased 864% between 2004 and 2007. Table 1 shows that Vietnamese exporters responded 
very quickly to the challenge of the Catfish War with the US and successfully entered new 
markets.  
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>> insert Table 1 about here 
 
As mentioned in the introduction, this paper analyses the impact of such changes in the 
market environment on the production characteristics of fish farmers in the MD. The data and 
methodology that is used in the analysis is presented next.  
 
Data 
The analysis uses data from surveys conducted in 2002 and in 2006. Fish farmers were 
interviewed in three provinces of the MD (An Giang, Can Tho, and Dong Thap). These 
provinces produce 85% of the total quantity of pangasius in the MD; An Giang accounts for 
38% of production , Dong Thap for 23%, and Can Tho for 24%. The sample of respondents 
was randomly selected in proportion to each province’s contribution to pangasius production.  
The first survey was conducted from November 2002 to January 2003 among 127 fish 
farmers. Of these farmers, 59% raised tra in cages, 27% raised tra in ponds and 14% raised 
basa. Questionnaires were used to interview farmers. The interviews were personally 
conducted by researchers from Can Tho University and no translation was needed. 
A second survey was conducted from January to March 2006. At that time only 29 
fish farmers, all raising tra in ponds, were interviewed. As mentioned above, by this time 
there were only a few farmers still raising basa or tra in cages. This second sample is smaller 
because of logistical problems in organising the survey. The respondents were randomly 
selected and the same questionnaire was used.  
  
Methodological Framework 
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The data was used to study changes in the economic production characteristics between 2002 
and 2006. In this section we explain how cost frontier models are constructed and estimated 
in order to approximate i) the demand elasticities of inputs, ii) the levels of returns to scale, 
and iii) production efficiency. 
 A standard cost frontier model can be expressed as: 
 ),;,( βiii PQCFC ≥          (1) 
where Ci is the actual expenditure incurred by farmer i, CF(.) is the cost frontier, Qi is the 
output quantity, Pi is a K by 1 vector of (exogenous) input prices, and β  is a vector of 
unknown parameters to be estimated.  
In this article, both a translog and a Cobb Douglas model were estimated using the 
farmers’ data. The translog cost function is a flexible specification that does not impose a 
restriction on the possibility of substituting different inputs, and it allows the scale economies 
to vary between different output levels (Christensen and Greene 1976). A translog cost 
function form was first introduced by Christensen, Jorgenson, and Lau (1971; 1973). The 
translog cost function contains a single output and three inputs (labour price, biochemical 
input price, and capital price) and can be written as:  
         lnC = QQPPPQ QQKKBBLLQ lnln2
1lnlnlnln0 δβββαα +++++  
  KKKKBBBBLLLL PPPPPP lnln2
1lnln
2
1lnln
2
1 ρρρ +++  
  KBBKKLLKBLLB PPPPPP lnlnlnlnlnln ρρρ +++  
  ,lnlnlnlnlnln µνδδδ +++++ KQKBQBLQL PQPQPQ      (2) 
 
where C represents the total production cost of farmer (Viet Nam Dong (VND)2); PL is the 
labour price (VND/month/person); PB is the price of biochemical inputs (VND/kg); PK is the 
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price of capital (VND); Lβ , Bβ , Kβ are the price coefficients of labour, biochemical inputs, 
and capital, respectively; Q (output) is the fish harvested (tons) by the farmer with the 
coefficient Qα , and υi and µ i are the two independently distributed components of the 
disturbance term with εi = υi + µ i and υi ~iddN(0,σν2) and µ i~iddN(0,σµ2). 
 
The variables are defined as follows:  
i) the price of labour is represented by the wages paid by the fish farmers;  
ii) the price of biochemical inputs is composed of the prices of fingerlings, feed, 
aquatic drugs, salt, and lime. As a proxy for the price of biochemical inputs, we divided the 
total cost of biochemical inputs by the output. The output is the pangasius harvested in tons 
and the change in the stock of living fish.3 These costs include all local marketing and 
transaction costs incurred by the farmers, including farm to processor transportation charges 
and the costs of other marketing activities (Dalton, Masters, and Foster 1997). Although 
approximating the price of inputs by dividing costs by output is common, it needs to be 
mentioned that results should be interpreted with care. The input price proxy for biochemical 
inputs in our study, equals the ‘real’ input price up to a (multiplicative) constant only if the 
proportions between output and feed input are fixed (Østbye 2000). On the one hand, this 
would mean that diseases or management, for example, may influence the proxy of the 
input’s price through its effect on output. Yet, in the cost frontier model, we take output as an 
independent variable and, as such, control for potential bias. On the other hand, survival rates 
of fingerlings and the conversion rate of feed may also influence the price proxy, but are 
difficult to account for. Yet, arguably, bad records on survival rates and feed conversion rates 
are reflected in a higher ‘economic price.’ On average, the most important cost in pangasius 
production is feed, which accounts for 73.5% of the costs; fingerlings account for 13.5%; and 
aquatic drugs represent 3.8% (Binh 2009);  
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iii) the price of capital is constructed following Dalton, Masters, and Foster (1997) by 
calculating the annualized price of durable equipment from the imputed annual cost per unit 
of durable tools and equipment. The annual price of the equipment is calculated by taking the 
current value of the item estimated by the farmer, subtracting its salvage value, and 
multiplying the difference by the capital recovery factor (CRF). The CRF assumes a 10% real 
interest rate, a 10-year life for manual implements, and a 20-year life for larger implements. 
The real interest rate of 10% that is used here is the average of two rates, namely the interest 
rate that the farmer pays for borrowing money (from both formal sources, such as 
government banks, and informal loan providers, who charge high interest rates ranging 
between 4 and 20% per month) and the opportunity cost for the capital elsewhere in the 
farmer’s business. This data was derived from the survey.  
Finally iv), the output variable is defined as the volume (in tons) of raw pangasius 
harvested at the farm gate. 
Symmetry requires that: BLLB ρρ = ; KLLK ρρ = ; KBBK ρρ =  
 LQQL δδ = ; BQQB δδ = ; .KQQK δδ =        (3) 
 
A requirement of linear homogeneity in input prices implies the following restrictions: 
KBL βββ ++ =1; 0=++ LKLBLL ρρρ ; 0=++ BKBBLB ρρρ ; 
0=++ KKBKLK ρρρ ; .0=++ QKQBQL δδδ        (4) 
 
The first derivative of the cost function with respect to ith input is the cost share of that input. 
The share functions of each of the three inputs are as follows (Shephard 1953):   
QPPP
P
CS QLKLKBLBLLLL
L
L lnlnlnlnln
ln δρρρβ ++++=
∂
∂
=     
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QPPP
P
CS QBKBKLLBBBBB
B
B lnlnlnlnln
ln δρρρβ ++++=
∂
∂
=  
.lnlnlnln
ln
ln QPPP
P
CS QKBBKLLKKKKK
K
K δρρρβ ++++=∂
∂
=        (5) 
 
Because the sum of these cost shares (i.e., labour, biochemical inputs, and capital) must add 
up to one, one of the share equations from equation (5) will be redundant (Barten 1969). In 
this study, the cost share equation of capital was not estimated to avoid singularity.   
When applying the Cobb Douglas specification, we imposed following restrictions:  
.0========== QQQKQBQLBKLKLBKKBBLL δδδδρρρρρρ       (6) 
This resulted in the following equation:  
,lnlnlnlnln 0 KKBBLLQ PPPQC βββαα ++++=       (7) 
where C represents the total production cost of the farmer (VND); PL is the price of labour 
(VND/month/person); PB is the price of biochemical inputs (VND/kg); PK is the price of 
capital (VND); Lβ , Bβ , and Kβ are the price coefficients of labour, biochemical inputs, and 
capital, respectively; Q is the fish harvested (tons) by the farmer with the coefficient Qα . 
To test for a shift in frontier productivity, the cost function was estimated using 
pooled data from the two periods (2002 and 2006). This yielded the following model: 
         lnC = QQPPPQ QQKKBBLLQ lnln2
1lnlnlnln0 δβββαα +++++  
  KKKKBBBBLLLL PPPPPP lnln2
1lnln
2
1lnln
2
1 ρρρ +++  
  KBBKKLLKBLLB PPPPPP lnlnlnlnlnln ρρρ +++  
  ,lnlnlnlnlnln µνλδδδ ++++++ DPQPQPQ KQKBQBLQL              (8) 
where the variables are defined as above and D is a dummy variable (1 = 2002 data, 0 = 2006 
data). 
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A Chow test was used to estimate whether the subgroup regression coefficients 
differed significantly (Chow 1960). The results of three models are needed for the Chow test: 
model 1 is based on the translog cost function calculated from data collected in 2002, model 
2 is the translog cost function calculated from data collected in 2006, and model 3 is the 
pooled model presented in equation (8). The Chow test is calculated as follows: 
,)1(*)(
)22(*)]([
21
2121
)22,1( 21 ++
−−++−
=
−−++ KSSESSE
KNNSSESSESSE
F pkNNK     (9) 
 
where SSEp is the sum of squared error terms of the pooled model in equation (8), SSE1 is the 
sum of squared error terms for the first model containing 2002 data, SSE2 is the sum of 
squared error terms for the second model built on 2006 data, N1-(K+1) is the degree of 
freedom for the first model4, N2-(K+1) is the degree of freedom for the second model, and K 
is the number of estimated parameters.  
The estimated cost frontiers also allow us to calculate the cost efficiency, the Allen 
partial elasticities of substitution, the price elasticities, and the level of returns to scale. The 
cost efficiency (CE) was estimated from the cost frontier CF(.) using the following equation: 
),().;,( i
i
ii
i
i
i
eE
C
ePQCFCE εβ µ
ν
−
==                  (10) 
with εi being the disturbance term, which is the difference between the actual and the 
estimated cost frontier; and υi and µ i are the two independently distributed components of the 
disturbance term with εi = υi + µ i. The two-sided random disturbance υi reflects the influence 
of random factors, such as the weather, while µ i, which is one-sided and non-negative, 
captures the cost inefficiency. Hence e-µi is the measurement of farm-level inefficiency 
(Kumbhakar and Lovell 2000). In this article the analysis is restricted to calculating technical 
efficiency.  
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The Allen partial elasticities of substitution allow pairs of inputs to be classified as 
being either substitutes or complements (Allen 1938). In the following paragraphs we attempt 
to briefly show how these partial elasticities of substitution are derived from the cost function 
(see Christensen and Greene (1976) for further details).  
Based on the cost shares, the Allen partial elasticities of substitution between input j 
and input k can be computed from the cost function by the equation (Christensen and Greene 
1976; Uzawa 1963): 
kj
jk
jk SS
ρ
σ += 1( ) = 
kj
kjjk
SS
SS )( +ρ
 for all j, k; .kj ≠              (11) 
 
The Allen partial elasticities of substitution will change when the cost shares have different 
values; they are not supposed to be constant. A positive value of the elasticity of substitution, 
jkσ , suggests that the inputs j and k are substitutes, while a negative value suggests that the 
two inputs are complements (Berndt and Wood 1975). 
The price elasticities of demand for the factors of production can be calculated from 
the Allen partial elasticities of substitution as follows (Christensen and Greene, 1976; Allen, 
1938): 
 .kjkjk SE σ=                     (12) 
In its turn, the elasticity of the total cost (TC), (Etc), which is a proportional increase in 
the TC resulting from a small proportional increase in output (Q), is calculated by 
differentiating the total cost function with respect to the output: 
 .
ln
ln
Q
TCEtc ∂
∂
=                     (13) 
Returns to scale (RTS) is then defined as the proportional increase in outputs made possible 
by a proportional increase in inputs (Caves, Christensen, and Swanson 1981): 
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  RTS = .
ln
ln
11
Q
TCEtc
∂
∂=                   (14) 
Results 
Table 2 gives the basic statistics (means and standard deviations) for pangasius production in 
the MD. The average farm output was significantly higher in 2006 compared to 2002. Costs 
calculated are mean values for one producing cycle of five to six months. Total production 
costs in 2006 were significantly higher compared to 2002. The mean total costs of labour, 
biochemical inputs, and capital were all higher in 2006 compared to 2002. Biochemical 
inputs, including feed and fingerlings, account for more than 90% of the total costs of the 
farmers in both data sets. When calculated per kg of pangasius produced, average costs for 
labour, biochemical inputs, and capital have decreased.  
Possible reasons for the increase in pangasius production include: i) significant 
improvement in the production strategy of the fish farming community that has modernized 
its production models; ii) upgrade and expansion of investments in equipment and an increase 
in production scale; and iii) increased use of industrial feeds, which are believed to result in 
faster growth and better quality of pangasius. Adjusted for inflation, costs per kg harvested 
have not increased. Possibly the increases in labour, capital, and feed and fingerling prices 
are lower than the inflation rate, or input use may have improved. The latter will be analyzed 
next.   
 
>> insert Table 2 about here 
 
 Estimation results of the translog and Cobb-Douglas models are presented in tables 3 
and 4. As shown in the last row of table 3, the log-likelihood ratio was 39.357 and 33.071 for 
the translog cost frontier and the Cobb-Douglas cost frontier, respectively. The likelihood-
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ratio statistic for testing the null hypothesis that the Cobb-Douglas is an adequate fit of the 
data equals λ = -2 (33.071 – 39.357) = 12.572. This exceeds the critical value (upper 1%; two 
degrees of freedom) of 8.273 (Kodde and Paml 1986). Hence, the null hypothesis is rejected. 
This implies that the translog cost model is preferred for the 2002 model (Coelli, Rao and 
Battese 1998; Mulatu and Crafts 2005). Similarly, in the 2006 model (table 4) the log-
likelihood ratio of the translog cost frontier is 10.444, while that of the Cobb-Douglas 
function is 2.023; hence the value λ = -2(2.023-10.444) = 16.842. This value exceeds the 
critical value mentioned above, which indicates that the null hypothesis (which proposed 
Cobb-Douglas as an adequate representation of the data) should be reject. We conclude that 
the translog cost frontier is the appropriate specification for both samples, and the derived 
estimations of elasticities and return to scale will be based on this model.  
  In both the first (2002) and the second (2006) translog cost frontiers, the linear terms 
have the expected positive signs, but only the linear terms of quantity harvested and the 
biochemical inputs are significant. Production costs seem to be sensitive to increases in 
quantity and the price of biochemical inputs. Furthermore, these coefficients, αQ and βB, did 
not differ much between the 2002 and 2006 estimations.  
The ρjk parameters have little economic meaning by themselves. They are best 
evaluated by the values which they imply for elasticities of factor demand and elasticities of 
substitution. The interaction term of the price of labour and the price of biochemical inputs 
(ρLB) is statistically significant in the 2002 and 2006 models. It has a positive sign in the 2002 
model, but a negative sign in the 2006 model. For the 2002 model, this would suggest that an 
increase in one of the interaction terms causes a rise in production costs. The negative sign in 
the 2006 model implies that by 2006 pangasius farmers had improved the combination of 
labour and biochemical inputs in an attempt to reduce production costs.  
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>> insert Table 3 about here 
>> insert Table 4 about here 
  
 The estimates of the pooled model with translog specifications are presented in table 
5. The following coefficients were significant and positive: quantity, αQ; labour price, βL; and 
biochemical input price, βB. The coefficient for the dummy variable, λ, was negative and 
statistically significant, confirming that production costs were higher in the 2006 data. A 
Chow test was performed in order to estimate whether the coefficients of the 2002 and 2006 
models were the same. The F value for the Chow test (equation 9), based on the three models 
discussed above, is 2.50. This is larger than the critical value of 2.22 at a 1% significance 
level; thus the null hypothesis, which states that coefficients are the same for both periods, 
should be rejected.  
 
>> insert Table 5 about here 
   
 Our estimates of the returns of scale ( )lnln/(1 outputC ∂∂ ) are 1.075 and 1.374 for 
the 2002 and 2006 models, respectively (table 6). These values are both larger than unity, 
suggesting that pangasius production benefits from scale economies. The scale benefits in 
2006 were slightly higher compared to 2002. This implies that there may still be unexploited 
economies of scale, and it would be more economically advantageous to have fewer large 
fish farms producing (at a relatively lower cost per unit) than many small farms (producing at 
a relatively high cost per unit).  
As shown in table 6, pangasius farmers in the MD achieved an average technical 
efficiency of 0.846 for the second period, while the average technical efficiency for the first 
period was 0.687. The difference between the technical efficiency between the two periods is 
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statistically significant. This implies that in 2006, the average fish farmer was operating 
closer to the efficiency frontier than in 2002. This might for a number of reasons, including: 
the farmers gained more experience, the sector benefited from an expansion of the scale of 
the average farmers, and/or farming techniques have improved (Binh 2006).  
 
>> insert Table 6 about here  
 
 Finally, in order to measure factor substitution possibilities, the Allen partial 
elasticities of substitution (σjk) and price elasticities (Ejk) were estimated. (Own) Price 
elasticities that are close to zero provide evidence of a lack of substitution possibilities. 
Limited or zero substitution possibilities indicate that farmers will experience problems in 
adjusting to changes in input prices (Guttormsen 2002). The results of elasticities and 
standard errors are presented in table 7. Several important conclusions emerge from these 
estimations. First, the estimated cross substitution elasticities σLB (between the labour and 
biochemical inputs), σLK (between the labour and capital), and σBK (between the biochemical 
inputs and capital) are positive in both the 2002 and 2006 models, suggesting a relatively 
high degree of substitutability. However, in both periods, only the cross substitution elasticity 
between labour and biochemical inputs (σLB) is statically significant. This implies that an 
increase in labour price should cause a significant rise in biochemical input demand. This 
elasticity of substitution between labour and biochemical inputs (σLB) was higher in the 2002 
model than in the 2006 model. The difference between these two estimates was statistically 
confirmed following Ali and Parikh (1992).  
 
>> insert Table 7 about here 
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 In addition, the demand for labour, biochemical inputs, and capital were responsive to 
a change in their own price in the 2002 model. Only ELL is significantly different from zero, 
while the own elasticity, EKK and EBB, are not. This suggests that farmers had few problems 
adjusting to changes in the prices of labour, but they were less able to adjust to price changes 
of biochemical inputs and capital. Similarly, in the 2006 model only the own price elasticity 
of labour ELL= -1.891 is significantly different from zero. Overall, the values of the price 
elasticity of demand for inputs are relatively higher in the 2002 model, showing a more 
elastic demand for inputs, whereas the 2006 the production pattern is less responsive to price 
changes.  
 
Conclusions 
This study analyzes changes in the production characteristics of pangasius farming in the MD 
between 2002 and 2006 using a stochastic frontier approach. A primary focus of this study 
was to estimate the elasticities of substitution between inputs and the price elasticities of 
factor demands. Labour was found to be a substitute for biochemical inputs in the 2002 
model. However, in the 2006 model the results showed a lower substitutability between 
labour and biochemicals. Since biochemical inputs accounted for the largest share of total 
production costs this can have important implications. It leads us to conclude that pangasius 
prices in the future will be even more dependent upon the price of biochemical inputs, 
particularly the price of feed. Good access to input markets and improved bargaining power 
on these markets are important for future production growth.  
Another important finding is that farmers achieved higher levels of technical 
efficiency in the 2006 model, with slightly higher returns to scale. In general, we find a 
positive change in the way that pangasius was farmed in 2006, compared to 2002. 
Technological improvements and the expansion of the scale of production have both 
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contributed to higher returns to the farmers. The increasing returns to scale also suggest that 
farmers could benefit from joint actions, such as creating a pangasius farming association or 
cooperatives. This would further enhance the quality of the product and stimulate the 
distribution of more advanced farming techniques.  
This leads us to identify three factors that could help improve farmers’ livelihoods 
and their resilience to possible shocks in the production and market environments: support in 
dealing with the input market, improved knowledge on production technology, and the 
realisation of scale economies. In relation to the first, production costs are highly dependent 
on the costs of feed and fingerlings. Farmers have little bargaining power in relation to other 
stakeholders in the supply chains of these inputs. The input providers seem to dominate the 
supply chain and often act opportunistically towards the farmers (Khoi 2009). Farmers need 
support in order to improve their market access and reduce transaction costs. Possible 
avenues for this include collective purchasing of inputs and sale of fish, strengthening the 
voice of the farmers, upgrading infrastructure, and better monitoring and regulation of 
contracts. Improved access to credit could also be beneficial. The most appropriate 
mechanisms to achieve this and the resulting impact is an area for future study.  
Second, the high dependency of farmers on the input market makes them highly 
sensitive to possible embargos due to food safety problems. The government could increase 
its efforts to monitor fish safety at the farm, processing, and export levels. Any third party 
control mechanisms would need to meet global standards for food control and traceability.  
Third, the importance of increased returns of scale could provide new opportunities 
for farmers. If access to credit can be improved, individual farmers could increase their 
production scale. Joint action could also be beneficial as well. This would require 
establishing well organised associations or groups. One should, however, be aware of the 
possible risks that farmers face.  
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In this article we have restricted ourselves to describing changes in the market 
environment, but climatic change could also significantly impact pangasius production (and 
aquaculture in general). Increasing the scale of production could further increase the 
sensitivity of the farmers to these risks. Again, this is an area for future research.    
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TABLES AND FIGURES 
 
Table 1  
Vietnam’s Pangasius Exports by Country of Destination (% quantity share), 1999-2008 
Country 1999 2002 2003 2004 2005 2006 2007 2008 
EU 14.7 10.5 20.1 25.7 38.4 43.0 44.6 35.0 
ASEAN 10.7 8.0 13.5 12.5 15.3 10.0 8.7 5.3 
US 43.2 60.5 26.4 17.0 10.3 8.5 5.46 3.8 
China and HK 19.2 11.4 21.2 21.8 11.4 6.2 4.97 2.9 
Russia 0.0 0.0 0.0 0.0 2.1 14.9 12.56 18.4 
Australia 1.4 3.2 6.9 7.5 6.7 3.5 3.15 0.0 
Others 10.8 6.5 12.0 15.5 15.8 14.0 20.60 34.6 
Total 100 100 100 100 100 100 100 100 
Source: VASEP (2009) and Fisheries Scientific-Technological Economic Information (2009). 
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Table 2 
Average Total Production Cost, Output and Input Prices from 2002 and 2006 over One 
Production Cycle (5 to 6 months) 
 
 2002 Data Adjusted 
for Inflation to 2006 
2006 Data  
 Mean Std. Dev. Mean Std. Dev. t-stat 
Output (ton) 46.33 28.87 130.62 105.03 -7.90*** 
Total cost (million VND) 473.34 35.66 1373.99 101.55 -8.51*** 
Total costs per output (VND/kg) 10217.42 2361.50 10520.00 3506.91 -1.95* 
Labour cost (million VND) 15.51 18.40 21.98 1.41 -2.81*** 
Labour cost per output (VND/kg) 349.55 306.40 145.98 101.20 2.82*** 
Costs biochemical inputs (million VND) 435.18 312.51 1275.20 972.23 -9.02*** 
Costs biochemical input per output (VND/kg) 8686.71 2175.56 8469.12 2717.49 3.96*** 
Capital costs (million VND) 13.26 11.67 20.61 17.04 -2.30** 
Capital costs per output (VND/kg) 264.62 2.54 136.88 7.76 8.49*** 
Note:  Inflation rates for 2002 to 2006 are from the General Statistics Office of Vietnam (2010). 
 *** significant at 1%; ** significant at 5%; * significant at 10%. 
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Table 3 
Regression Estimates of the Frontier Cost Model (2002 data) 
 Translog Frontier Cobb-Douglas Frontier 
Coefficient Estimate t-ratio Estimate t-ratio 
0α  -2.216*** -22.534 -2.243*** -48.059 
Qα  0.936*** 4.558 1.007*** 34.802 
Lβ  0.0233 1.584 0.025 0.992 
Bβ  0.747*** 4.111 0.979*** 29.393 
Kβ  0.020 0.085 -0.004 0.107 
QQδ  0.057 0.376   
LLρ  -0.069 -1.298   
BBρ  -0.082 -0.813   
KKρ  0.021 0.152   
QLδ  -0.126 -1.444   
QBδ  0.141 1.576   
QKδ  -0.015 -0.106 
 
 
LBρ  0.086*** 7.794   
LKρ  -0.017 -0.221   
BKρ  -0.004 -0.035   
Observations 127 127 127 127 
Log-likelihood 
function 
45.088  34.89  
2σ  0.101 7.794 0.102 6.215 
γ  0.999 127.088 0.999 29.392 
µ  0  0  
η  0  0  
LR(i) 39.357  33.071  
Notes: Q = output (ton); L = labour; B = biochemical inputs; K = capital price. 
i) LR presents the log-likelihood ratio test of the null-hypothesis that the structural parameter γ can be 
ignored. This statistic has a mixed chi-square distribution.  
ii) *** significant at 1%; ** significant at 5%; * significant at 10%. 
 
29 
 
Table 4 
Regression Estimates of the Frontier Cost Model (2006 data) 
 Translog Frontier Cobb-Douglas Frontier 
Coefficient Estimate t-ratio Estimate t-ratio 
0α  -4.217*** -4.824 -4.331*** -103.451 
Qα  0.970** 1.969 0.940*** 78.556 
Lβ  0.098 0.183 0.065*** 4.041 
Bβ  0.791*** 1.676 0.895 39.074 
Kβ  0.111 0.147 0.040 1.428 
QQδ  0.102 0.910   
LLρ  -0.196** 0.453   
BBρ  0.391 0.902   
KKρ  0.072 0.087   
QLδ  -0.129 -0.839   
QBδ  0.193 0.104   
QKδ  -0.064 -0.264   
LBρ  -0.258* -1.655   
LKρ  0.061 0.104   
BKρ  -0.133 -0.227   
Observations 29 29 29 29 
Log-likelihood 
function 
68.263  53.212  
2σ  0.002 2.209 0.005 2.731 
γ  0.999 1451117 0.990 15.559 
µ  0  0  
η  0  0  
LR* 10.444  2.023  
Notes: Q = output (ton); L = labour; B = biochemical inputs; K = capital price. 
i) LR presents the log-likelihood ratio test of the null-hypothesis that the structural parameter γ can be 
ignored. This statistic has a mixed chi-square distribution.  
ii) *** significant at 1%; ** significant at 5%; * significant at 10%. 
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Table 5 
Regression Estimates of the Frontier Cost Model (Pooled Cost Frontier for 2002 and 2006 
Data) 
 Translog Frontier 
Coefficient Estimate t-ratio 
0α  -4.448 28.693 
Qα  0.979*** 16.090 
Lβ  0.161*** 2.674 
Bβ  0.791*** 10.298 
Kβ  0.048 0.492 
QQδ  -0.008 -0.218 
LLρ  -0.077 -1.526 
BBρ  -0.0003 -0.004 
KKρ  -0.003 -0.026 
QLδ  0.008 0.220 
QBδ  0.014 2.20 
QKδ  -0.022 -0.348 
LBρ  0.037 0.576 
LKρ  0.040 0.490 
BKρ  -0.037 -0.372 
D -2.495*** -19.627 
Observations 156 156 
Log-likelihood function 56.321  
2σ  0.081 1.784 
γ  0.962 10.004 
µ  0  
η  0  
LR* 31.090  
Notes: Q = output (ton); L = labour; B = biochemical inputs; K =capital price. 
i) LR presents the log-likelihood ratio test of the null-hypothesis that the structural parameter 
γ can be ignored. This statistic has a mixed chi-square distribution.  
ii) *** significant at 1%; ** significant at 5%; * significant at 10%. 
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Table 6 
Returns to Scale and Technical Efficiency of the Preferred Models for Each Period 
Efficiency 2002 Model 2006 Model t-test 
(t-value) 
Returns to scale 1.075 1.374 -90.436 
Technical efficiency 0.687 0.846 -2.652 
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Table 7 
Allen Partial Elasticities Derived from the Translog Cost Function 
2002 Model 2006 Model 
Allen Partial Elasticity of Substitutiona Allen Partial Elasticity of Substitutiona 
LBσ  1.674 (0.431)*** LBσ  1.577 (0.886)* 
LKσ  2.390 (6.301) LKσ  0.778 (2.135) 
LLσ  -10.400 (3.045)*** LLσ  3.891 (1.873)** 
BKσ  1.045 (1.306) BKσ  0.745 (0.661) 
BBσ  -0.132 (0.110) BBσ  0.375 (0.512) 
KKσ  14.376 (16.410) KKσ  -0.542 (2.591) 
(Own) Price Elasticity of Demandb (Own) Price Elasticity of Demandb 
LBE  1.604 (0.413)*** LBE  1.451 (0.815)* 
LKE  -0.220 (0.579) LKE  0.441 (1.209) 
LLE  -1.385 (0.405)*** LLE  -1.891 (0.893)** 
BKE  -0.096 (0.120) BKE  0.422 (0.638) 
BBE  -0.127 (0.105) BBE  0.345 (0.471) 
BLE  0.223 (0.057)*** BLE  -0.767 (0.430)*** 
KKE  -1.320 (1.507) KKE  -0.307 (1.467) 
KLE  0.318 (0.839) KLE  -0.378 (1.038) 
KBE  -1.002 (1.252) KBE  0.685 (1.0397 
Notes:  
a Standard errors in parentheses: kjjkjk SSSESE )()( ρσ = (Binswanger 1974). 
b Standard errors in parentheses: jjkjk SSEESE )()( ρ=  (Binswanger 1974). 
*** significant at 1%; ** significant at 5%; * significant at 10%. 
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Figure 1. Pangasius Farming Area and Production (Source: VASEP 2009) 
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Figure 2. Percentage of Basa and Tra Raised in Ponds and Cages (1997-2005) (Source: 
Departments of Agriculture and Rural Development in the Mekong Delta 2009) 
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Figure 3. Vietnam’s Exports of Frozen Pangasius Fillets (Source: VASEP and Fisheries 
Scientific-Technological Economic Information) 
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FOOTNOTES 
                                                 
1
 In the first months of 2009, production of pangasius was under pressure after Russia and Egypt issued import 
bans on Vietnamese pangasius. By June 2009 Egypt resumed granting import permits for Vietnamese pangasius. 
Export to Russia were prohibited from December 2008 to April 2009 after contamination with banned chemicals 
was found by Russian officials on pangasius imported from Vietnam. Since the lifting of the ban, a minimum 
price equivalent to 2.3 USD/kg was fixed in order to avoid fierce competition (FISHINFOnetwork Market 
Report, July 2009, www.eurofish.dk).   
2
 1USD = 15,441 VND in 2002 and 1 USD = 15,972 VND in 2006. 
3
 In the survey, farmers were asked to estimate their stock of fish at the beginning and at the end of the season. 
4
 N1: size of the sample in 2002 (127 farmers); N2: size of the sample in 2006 (29 farmers); K is the number of 
parameters in the translog cost function (14). 
 
